INTRODUCTION
High corn prices may provide economic incentive to use dried distillers grains with solubles (DDGS) as an energy source in lamb fi nishing diets. Strategies to mitigate the negative consequences of high dietary DDGS are needed. Increasing dietary inclusion of DDGS increases dietary S content (Klopfenstein et al., 2008) and reduces ruminal pH due in part to H 2 SO 4 that is used in ethanol production and remains in the DDGS (Felix and Loerch, 2011) . Excessive S intake is associated with reduced DMI and polioencephalomalacia (PEM; Gould, 1998 ABSTRACT: Negative interactions of the acidity and S content of dried distillers grains with solubles (DDGS) have not been quantifi ed. The objectives of this study were to determine the effects of dietary S, dietary acidity, and their interactions on growth, feed effi ciency, ruminal H 2 S concentration, and apparent nutrient digestibility in lambs fed DDGS-based diets.
To neutralize acidity, the DDGS was untreated or treated with 2% NaOH. Dietary S content was adjusted with Na 2 SO 4 to achieve a 0.2 percentage unit difference in dietary S. Experiment 1 included 72 ewe and wether lambs (BW = 24.9 ± 0.4 kg) penned by sex in 24 pens, blocked by BW, and allotted in a 2 × 2 factorial arrangement of treatments for a 60 d feeding trial. On a DM basis, diets were: i) 60% DDGS + 0% Na 2 SO 4 , ii) 60% DDGS + 0.88% Na 2 SO 4 , iii) 62% NaOH-treated DDGS + 0% Na 2 SO 4 , and iv) 62% NaOH-treated DDGS + 0.83% Na 2 SO 4 . There were no interactions (P ≥ 0.19) of dietary S concentration and NaOH treatment. Lambs fed DDGS treated with 2% NaOH had 4% greater (P = 0.05) fi nal BW and tended (P ≤ 0.07) to have greater DMI and ADG than lambs fed untreated DDGS; however, NaOH treatment did not affect (P = 0.42) G:F. Increasing dietary S with Na 2 SO 4 tended (P = 0.07) to reduce DMI; however, dietary S did not affect (P > 0.17) ADG, G:F, or fi nal BW. Rumen H 2 S concentration in gas samples collected on d 32 and 60 were not (P > 0.17) affected by dietary S or NaOH treatment. Experiment 2 included 24 lambs (initial BW = 43.0 ± 4.4 kg) used to determine the effects of NaOH treatment of DDGS and sulfur (Na 2 SO 4 ) supplementation on N retention and the apparent digestibility of NDF, ADF, and OM. Treatments were similar to those used in Exp. 1, except that dietary DDGS was reduced to 45% of DM. Intake of DM, NDF, ADF, and N was not affected (P > 0.16) by NaOH treatment of DDGS or dietary S (Na 2 SO 4 ) content. Treating DDGS with 2% NaOH reduced (P = 0.05) NDF digestibility by 10% compared with lambs fed untreated DDGS. Urine pH for lambs consuming DDGS treated with 2% NaOH was increased (P = 0.01) 1.74 pH units compared with urine from lambs fed untreated DDGS. Nitrogen intake and retention were not affected (P > 0.35) by dietary S concentration or NaOH treatment of DDGS. For feedlot lambs, treating DDGS with 2% NaOH did not lower ruminal H 2 S concentrations, but tended to increase ADG and DMI. Although treating DDGS with 2% NaOH was an effective way to neutralize the acidity in DDGS, this treatment reduced NDF digestibility.
and the protonation of S 2-to hydrogen sulfi de gas (H 2 S; Beauchamp et al., 1984) . Hydrogen sulfi de gas in the rumen may be eructated and inhaled (Dougherty and Cook, 1964) . When inhaled, H 2 S enters circulation and bypasses liver detoxifi cation. Decreasing rumen pH represents an increase in hydrogen (H + ) available to form H 2 S. Low rumen pH also reduces feed intake (Owens et al., 1998) and fi ber digestibility (Mould et al., 1983 ). Thus, neutralizing the H 2 SO 4 in DDGS with NaOH may be an effective strategy to optimize G:F, improve fi ber fermentation, and reduce PEM risk. Attempts at separating and quantifying potential negative effects of DDGS acidity and S content have not been reported. We hypothesized that treating DDGS with 2% NaOH to neutralize DDGS acidity would improve fi ber digestion and improve animal growth and feed effi ciency by increasing rumen pH and decreasing ruminal H 2 S concentration. Furthermore, we hypothesized that increasing dietary S by 0.2 percentage units would reduce DMI without affecting nutrient digestibility, and that these effects of added S would be mitigated by NaOH treatment of DDGS. The objectives of this study were to determine the effects of dietary S, dietary acidity, and their interactions on growth, feed effi ciency, ruminal H 2 S, and apparent nutrient digestibility in growing lambs fed DDGS-based diets.
MATERIALS AND METHODS
All animal procedures were approved by the Agricultural Animal Care and Use Committee of The Ohio State University and followed guidelines recommended in the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS, 2010) .
Experiment 1
Animals and Diets. Seventy-two 3-to 4-mo-old ewe (n = 60) and wether (n = 12) lambs (BW = 24.9 ± 0.4 kg) were used to determine effects of DDGS treatment with 2% NaOH and level of dietary S on growth, feed efficiency, and ruminal H 2 S concentration in lambs. Lambs were weighed on 2 consecutive days at the start of the experiment to determine initial BW and were housed in 24 pens (3 lambs/pen) at the Ohio Agricultural Research and Development Center Sheep Center in Wooster, OH. Pens (1.5 × 4.9 m) were on expanded metal fl oors, and each lamb had access to at least 0.4 m of feed bunk space. Lambs were blocked by weight and sex into 6 blocks (5 BW blocks of ewe lambs and 1 block of wethers). Pens within block were randomly assigned to 1 of 4 dietary treatments (Table 1) : i) 60% DDGS + 0% Na 2 SO 4 , ii) 60% DDGS + 0.88% Na 2 SO 4 , iii) 62% NaOH-treated DDGS + 0% Na 2 SO 4 , and iv) 62% NaOH-treated DDGS + 0.83% Na 2 SO 4 . The Na 2 SO 4 was used to increase dietary S without increasing diet acidity. Proportions listed above are on a DM basis. Diets were fed in a complete pellet and feed was offered ad libitum once daily at 0800 h. Feed refusals were weighed and recorded daily (before feed delivery) for the duration of the experiment.
The DDGS in the current study was obtained from a single source (POET, Marion, OH). Treatment of DDGS with NaOH was done according to the procedure reported by Felix et al. (2012b) . In short, 150 kg of DDGS was mixed in a small ribbon mixer with 7.5 kg of a 40% solution of NaOH in water. This resulted in a 2% NaOH treatment of DDGS on an as-is basis. Samples of DDGS were collected before and after treatment for pH measurement to test the effi cacy of NaOH treatment to neutralize the acidity of DDGS. Samples were evaluated by combining 20 g DDGS with 80 mL distilled water and mixing with a magnetic stir bar on a stir plate for 30 s, 2 Dried distillers grains with solubles treated with 2% NaOH (as-is basis).
3 Effectof S supplementation: with (+) or without (-) added Na 2 SO 4 to provided 0.20% supplemental S. 4 Sodium sulfate (Na2SO4) = 22.6% S. then recording the pH (Accumet excel XL25 dual channel pH/ion meter; Fisher Scientifi c, Suwanee, GA). The average pH of DDGS before treatment was 4.3 and the average pH after treatment with 2% NaOH was 7.0. Six lambs were euthanized after developing symptoms associated with PEM: 4 lambs from the 62% NaOHtreated DDGS + 0.83% Na 2 SO 4 diet (1 each on d 17, 20, 34 and 41); 1 lamb from the 62% NaOH-treated DDGS + 0% Na 2 SO 4 diet on d 20; and 1 lamb from the 60% DDGS + 0.88% Na 2 SO 4 diet on d 7. One of these lambs was sent to the Ohio Department of Agriculture Animal Disease Diagnostic Laboratory, which reported lesions on the brain that fl uoresced under ultraviolet light consistent with other reports of PEM (McAllister et al., 1992) .
Sampling and Analysis. Every other week, feed samples were composited, freeze dried (Freeze Dryer 8; Labconco, Kansas City, MO), and then ground using a Wiley mill (1-mm screen; Arthur H. Thomas, Philadelphia, PA). All samples were analyzed for DM (24 h at 100°C). All freeze-dried samples were subjected to perchloric acid digestion and inductively coupled plasma atomic emission spectroscopy (ICP) analysis of complete minerals (Method 975.03; AOAC, 1988) . Feed samples were also analyzed for ADF and NDF (using Ankom Technology Method 5 and 6, respectively; Ankom 200 Fiber Analyzer, Ankom Technology, Fairport, NY), CP (method 930.15; AOAC, 1996) , and fat (using ether extract method; Ankom Technology, Fairport, NY). The trial ended after 60 d on feed. To determine fi nal BW, lambs were weighed before feeding on 2 consecutive d.
Ruminocentesis. To observe the effects of each treatment on ruminal S metabolism, samples of rumen gas were collected and analyzed for H 2 S gas concentration using a procedure adapted from Gould et al. (1997) . In short, the skin of the left paralumbar fossa was shaved with surgical shears, scrubbed with 5% betadine, then rinsed with 70% ethanol, and numbed with local anesthetic. Ruminal gas was aspirated through the skin of the left paralumbar fossa at 4 h postfeeding via puncture with a sterile 16-gauge, 3.81 cm hypodermic needle on d 32 of the feeding trial. The H 2 S gas concentration was measured via H 2 S precision gas detector tubes (No. 120SF, Sensidyne, Ocala, FL) attached to a calibrated gas detection pump (Model AP-20S, Sensidyne). The concentration of H 2 S was read from the tube by the same individual for each sampling. This procedure was repeated on d 60 at 2, 4, and 8 h postfeeding. Additional sampling times were used on d 60 because pattern of feed consumption may affect S intake and ruminal pH before sampling. These variables could affect the timing of maximum H 2 S; thus, expanded sampling times would allow a better evaluation of effects of dietary treatments on H 2 S concentration. Feed refusals were weighed and returned to the bunk immediately after ruminocentesis to determine cumulative DMI at each sampling time.
Statistical Analysis. The experimental design for this study was a randomized complete block design with a 2 × 2 factorial arrangement of treatments. Data were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC). The model used for the growing study was:
where Y ijkl = response variable; μ = overall mean; B i = the fi xed effect of blocks; A j = the fi xed effect of treated or untreated DDGS; C k = the fi xed effect of level of S; (AC) jk represents the fi xed effect of the interaction of DDGS treatment (without or with 2% NaOH) and dietary S level (without or with 0.2% S from NaSO 4 ); p l represents the random effect of pen; e ijklm = the experimental error; and pen was the experimental unit.
Repeated measures were used to analyze ruminal H 2 S as these data represent a single animal on a given day. Statistical data were analyzed using the MIXED procedure of SAS. The model used was:
where Y ijklm = response variable; μ = overall mean; B i = the fi xed effect of blocks; A j = the fi xed effect of treated or untreated DDGS; C k = the fi xed effect of level of S; (AC) jk represents the fi xed effect of the interaction of treated or untreated DDGS and dietary S level; T = fi xed effect of time postfeeding; (AT) jl = the fi xed effect of the interaction of treated or untreated DDGS and time; (CT) kl = the fi xed effect of the interaction of S level and time; (ACT) jkl = the fi xed effect of the interactions of DDGS source, S level, and time; e ijklm = the experimental error; and pen was the experimental unit. Signifi cance was declared at P < 0.05 and trends were discussed when 0.05 ≤ P ≤ 0.10.
Experiment 2
Animals and Diets. Twenty-four 6-to 7-mo-old wether lambs were used in a metabolism trial at The Ohio State University Nutrition Barn in Wooster, OH. Initially, 32 wethers (initial BW = 43.0 ± 4.4 kg) were split into 2 equal groups based on BW for use in 2 consecutive 22-d periods. Before allotment, all lambs were adapted to a 45% DDGS-based diet. The 16 wethers for Period 1 were randomly assigned to 1 of 4 treatment diets, and then dietary treatment groups were randomly assigned to 1 of 4 pens. Treatment diets were similar to Exp. 1, except DDGS was decreased to reduce dietary S in an attempt to reduce the incidence of PEM observed in Exp. 1 Diets were: i) 45% DDGS + 0% Na 2 SO 4 , ii) 45% DDGS + 0.88% Na 2 SO 4 , iii) 47% NaOH-treated DDGS + 0% Na 2 SO 4 , and iv) 47% NaOH-treated-DDGS + 0.83% Na 2 SO 4 . Proportions listed above are on a DM basis (Table 2) . Wethers were fed treatment diets for 10 d in feedlot pens and then 3 wethers per pen were selected (based on normal feeding behavior and BW) for use in the metabolism crates. The 12 wethers selected (n = 3 per treatment) were moved to the Ohio Agricultural Research and Development Center Nutrition Barn and placed in wooden metabolism crates that allow for the total collection of feces and urine. Lambs were maintained on their respective diets (fed once daily at 0800 h) and allowed to adapt to the crates for 5 d before sample collection was initiated. Total urine output, urine pH (Accumet excel XL25 dual channel pH/ ion meter; Fisher Scientifi c, Suwanee, GA), and titratable acidity measurements of urine were taken on d 6 and 7. Quantitative measurements of feed offered, feed refusals, and total urine and feces output were made for the subsequent 5 d (d 8 through 12). This procedure was repeated for the 16 wethers assigned to Period 2.
Sampling and Analysis. After 5 d of adaption to the crates, 24-h urine output was measured and a sample was collected to determine urine pH and titratable acidity on 2 consecutive d. The pH of a 50-mL subsample of urine was recorded and then titrated with 1 M NaOH until it reached pH 7. Daily titratable acidity represents the volume of 1 M NaOH that would be required to neutralize the acid excreted in the urine per day and was calculated by the following equation: Titratable acidity = (mL 1 M NaOH needed to neutralize urine acid/ volume titrated) × urine volume. After the 2 d of urine collections, feed, refusals, feces, and urine samples were collected once daily, composited as outlined below, and stored in a -20°C freezer until analysis. To prevent urine nitrogen volatilization from d 8 to 12, 100 mL of HCl (6 N) were placed in urine buckets daily to ensure urine pH did not rise above 2.0 within collection vessels.
To determine apparent nutrient digestibility, total feed intake, and urine and fecal output were measured and subsamples were composited daily for the 5 d of collection. Urine subsamples were stored at 4º C and represented 5% of daily volume. Fecal subsamples were stored at -20º C and represented 10% of daily fecal weight. Refused feed was collected daily and analyzed for DM content (24 h at 100º C). Feed and fecal composited samples were freeze dried (Freeze Dryer 8; Labconco, Kansas City, MO) and ground using a Wiley mill (1-mm screen; Arthur H. Thomas, Philadelphia, PA). All freeze-dried samples were analyzed for DM (24 h at 100°C) and subjected to ICP analysis of complete minerals, ADF, NDF, and CP, as previously described. Urine composites were analyzed for N, (AOAC 1996) and were subjected to microwave digestion and the ICP analysis of complete minerals (Method 975.03; AOAC, 1988) . Drinking water was from Wooster City water (Wooster, OH) and measured S content was negligible. Daily water intake was measured by weighing water offered and residual water after 24 h. Two lambs from Period 2 were removed from the collection trial: 1 due to urinary calculi (fed the NaOH-treated DDGS + 0.88% Na 2 SO 4 diet) and 1 for poor intake (fed the untreated DDGS + 0% Na 2 SO 4 diet).
Statistical Analysis. The experimental design for this study was a randomized complete block with a 2 2 Dried distillers grains with solubles treated with 2% NaOH (as-is basis).
3 Effectof S supplementation: with (+) or without (-) added sodium sulfate to provided 0.20% supplemental S.
4 Included: 95% NaCl; 0.35% Zn; 0.28% Mn; 0.175% Fe; 0.040% Cu; 0.007% I; 0.007% Co.
5 Fed to provide 25.5 mg lasalocid/kg of diet DM (Bovatec; Alpharma Animal Health, Bridgewater, NJ).
6 EE = ether-extractable fat.
× 2 factorial arrangement of treatments. Statistical data were analyzed using the MIXED procedure of SAS. The model used was:
where Y ijklm = response variable; μ = mean; P i = the fi xed effect period (1 or 2); A j = the fi xed effect of treated or untreated DDGS; B k = the fi xed effect of dietary level of S; (AB) jk represents the fi xed effect of the interaction of DDGS treatment (without or with 2% NaOH) and dietary S level (without or with 0.2% S from NaSO 4 ); c l = the random effect of crate; and e ijklm = the experimental error. Animal was the experimental unit. Signifi cance was declared at P < 0.05 and trends will be discussed when 0.05 ≤ P ≤ 0.10.
RESULTS AND DISCUSSION

Experiment 1
There were no interactions (P ≥ 0.19) of DDGS treatment and dietary S concentration on lamb performance (Table 3) ; therefore, main effect means were discussed. Average daily BW gain of lambs fed DDGS treated with 2% NaOH tended to be greater (P = 0.07) than lambs fed untreated DDGS. This resulted in a 4% increase (P = 0.05) in fi nal BW. Lambs fed DDGS treated with 2% NaOH tended (P = 0.06) to have greater DMI than lambs consuming untreated DDGS. In a dose titration study where DDGS was fed at 0, 20, 40, and 60% of diet DM, ruminal pH of cattle decreased linearly with increasing DDGS in part because of sulfuric acid present in DDGS (Felix et al., 2012b) . Ethanol producers use sulfuric acid to control pH during starch hydrolysis and to clean fermentation vats (Klopfenstein et al., 2008) . Sulfuric acid remains in DDGS and contributes to dietary S and reduces rumen pH (Felix and Loerch, 2011) . In an attempt to mitigate the potential negative effects of this acidity, Felix and Loerch (2011) added 10% haylage to 60% DDGS-based diets which resulted in increased rumen pH and improved DMI, ADG, and G:F compared with steers that did not receive added haylage. Felix et al. (2012b) increased rumen pH successfully in cattle by treating DDGS with 2% NaOH before feeding in 60% DDGS-based diets. Therefore, NaOH was used to neutralize dietary acidity in the present experiment. This neutralization may have stabilized rumen pH and whole body acid-base balance, thus allowing for greater intake and ADG.
The maximum tolerable level of dietary S is suggested to be 0.40% (NRC, 1985) . The analyzed S content of the diets fed in the current study averaged 0.48% S for diets not supplemented with Na 2 SO 4 and 0.61% S for diets supplemented with Na 2 SO 4 (Table 1) . Despite the NRC (1985) recommended maximum tolerable level, diets up to 0.7% S have been fed to lambs without causing PEM (Neville et al., 2010) . Lambs in the current study fed diets supplemented with Na 2 SO 4 tended (P = 0.07) to have reduced DMI compared with lambs consuming diets that were not supplemented with S; however, S supplementation had no effect (P= 0.19) on fi nal BW. Feed effi ciency was not (P > 0.42) affected by DDGS treatment or dietary S level. These DMI data are in agreement with Qi et al. (1993) , who reported depressed DMI in growing-fi nishing wether goats when dietary S was increased above 0.2% (DM basis). However, Qi et al. (1993) also observed reduced ADG and G:F when dietary S was increased above 0.2% (DM basis).
Using the dissociation constants for H 2 S, Bray and Till (1975) determined that at rumen pH 5.2, the percentage of H 2 S vs. HS -is 97.2 and 2.8, whereas at pH 6.8 the percentage of H 2 S vs. HS -is 46.8 and 53.2, respectively. Felix et al. (2012b) reported steers consuming 60% DDGS diets had higher rumen pH from 1.5 to 12 h postfeeding when the DDGS was pretreated with 2% NaOH; this resulted in reduced H 2 S concentration in steers consuming treated DDGS. On d 32 and 60 of the present trial, gas samples were taken from all lambs 1 DDGS treated with 2% NaOH (as-is basis).
2 Effect of S supplementation: with (+) or without (-) added sodium sulfate to provided 0.20% supplemental S.
3 Main effect of NaOH treatment. 4 Main effect of S supplementation.
by ruminocentisis for H 2 S analysis. Contrary to our hypothesis, increasing dietary S with Na 2 SO 4 did not (P = 0.45) affect ruminal H 2 S gas concentration 4 h postfeeding on d 32 (Table 4) . Lambs fed DDGS treated with 2% NaOH had similar (P = 0.18) H 2 S as those fed untreated DDGS. In addition to rumen pH, the 2 main factors affecting ruminal H 2 S production are total S intake and the reduction capacity of sulfate reducing bacteria (Gould, 1998) . Lambs in the current study had been transitioned to 60% DDGS diets in the 30 d preceding the trial start date to allow adequate time for rumen microbes to adapt to dietary S levels. Therefore, the lack of response we observed on d 32 may have been due to differences in DMI or pattern of meal consumption. On d 60, gas samples were collected at 2, 4, and 8 h postfeeding. No time × main effect interactions were detected (P > 0.60). The overall effects of dietary S level and DDGS treatment did not impact (P > 0.43) H 2 S concentrations at any time points measured. Feed consumed before each sampling did not differ among treatments at any time point (data not shown). Although diets supplemented with Na 2 SO 4 were formulated to have 0.2% greater S, the analyzed composition was only 0.14 and 0.11 percentage units greater than diets not supplemented with Na 2 SO 4 (for untreated and NaOH-treated DDGS, respectively). Furthermore, because of the DMI response reported in Table 3 , there was little increase in total S intake for lambs supplemented with Na 2 SO 4 . Gould (1998) has suggested that ruminal H 2 S concentrations above 2,000 mg/L increase the risk of PEM. Based on this criterion, lambs fed 60% DDGS diets in the current study were at risk of developing PEM. Four lambs were treated with thiamin and 6 lambs were euthanized after developing symptoms consistent with PEM (1 lamb from the treated DDGS + 0% Na 2 SO 4 treatment group, 4 lambs from the treated DDGS + 0.83% Na 2 SO 4 treatment group, and 1 lamb from the untreated DDGS + 0.88% Na 2 SO 4 treatment group).
Experiment 2
Dry matter, ADF, and N intake did not differ (P > 0.16) among dietary treatments when lambs were housed in metabolism crates (Table 5 ). Low rumen pH (Owens et al., 1998) and high S intake by ruminants has been associated with decreased DMI (Bird, 1972; Qi et al., 1993; Bulgin et al., 1996) . Increasing dietary S supplementation with Na 2 SO 4 increased (P < 0.01) S intake over lambs that did not receive supplemental S (Table  5) . Felix et al. (2012a) reported that including DDGS in lamb rations at 0, 20, 40, and 60% of DM [replacing corn and soybean meal (SBM)] did not affect DMI. Conversely, Schauer et al. (2008) reported that DMI increased linearly when DDGS replaced barley and SBM at 0, 20, 40, and 60% of DM. When fi stulated heifers were fed 0, 20, 40 and 60% DDGS (replacing corn and SBM), DMI decreased linearly with increasing DDGS inclusion; however, it is not clear if the cause was increased S or low rumen pH (Felix et al., 2012b) . In the present experiment, there was an interaction (P = 0.05) of DDGS treatment and dietary S concentration on NDF intake; NDF intake was decreased by the addition of S in untreated DDGS diets and increased when S was added to treated-DDGS diets (Table 5 ). This interaction was not expected and may have resulted from nonsignifi cant differences in DMI and analyzed diet NDF content.
Water intake and urine output tended to be greater (P = 0.06) for lambs consuming diets containing NaOHtreated DDGS than for lambs consuming untreated DDGS diets (Table 5) ; this may have been due to increased sodium intake (Hamilton and Webster, 1987) . However, water intake was not affected (P = 0.39) by S 1 Dried distillers grains with solubles treated with 2% NaOH (as-is basis).
2 Effectof S supplementation: with (+) or without (-) added sodium sulfate to provided 0.20% supplemental S.
3 Main effect of NaOH-treated or untreated DDGS. 4 Main effect of S supplementation.
5 Samples were taken 4 h postfeeding. supplementation, even though adding Na 2 SO 4 increased (P = 0.01) dietary sodium by 26 to 38 g/d (Table 5) . Diet alkalinity may have also affected water intake. High dietary alkalinity and low Ca:P ratio have been identifi ed as major contributors to urinary calculi in sheep (NRC, 1985) . The ratio of calcium to phosphorus in the diets used in Exp. 2 were greater than 1.8:1; however, NaOH-treated DDGS increased (P = 0.01) urine pH 1.74 pH units above urine from lambs consuming untreated DDGS. In dose titration studies where DDGS was included at 0, 20, 40, and 60% of diet (replacing corn and SBM), rumen and urine pH decreased linearly with increasing inclusion level of DDGS (Felix et al., 2012a (Felix et al., , 2012b ). In the current study, average urine pH for lambs consuming untreated DDGS was 5.47, whereas mean urine pH for lambs consuming NaOH-treated DDGS was 7.21 (Table 5 ). The daily titratable acidity of the urine was greater (P < 0.01) for lambs consuming untreated DDGS due to the increased acid load from consumption of sulfuric acid present in the DDGS. One lamb was removed from the NaOH-treated DDGS + 0.88% Na 2 SO 4 treatment after developing a urinary occlusion due to the formation of calcium oxalate crystals.
The NRC (2000) reports the NDF content of DDGS to be 46% (DM basis). Our hypothesis was that neutralizing the acid in DDGS with NaOH would improve fi ber digestion and feed effi ciency because the growth and fiber fermenting capacity of cellulolytic bacteria are inhibited at low rumen pH (Mould et al., 1983; Hoover, 1986) . However, this did not occur. Lambs fed treated DDGS had lower (P = 0.05) NDF digestibility than lambs fed untreated DDGS, and ADF digestibility was not affected (P = 0.71) by DDGS treatment with NaOH (Table 5) . Fiber containing ingredients in these diets (DDGS, corn, and 2 Effect of S supplementation: with (+) or without (-) added sodium sulfate to provided 0.20% supplemental S.
5 Titratable acidity = mL 1 M NaOH needed to neutralize urine acidity to pH 7.0.
soy hulls) should have been highly fermentable. However, NDF digestibilities were less than expected, ranging 44.3 to 53.9%. The reduction in digestibility when DDGS was treated with 2% NaOH may have occurred as a result of increased rate of passage for the small feed particles in these complete pelleted diets. Dry matter digestibility was not (P ≥ 0.41) affected by S supplementation or DDGS treatment. Values for DM digestibility in the current study are consistent with the values reported by Felix et al. (2012a) for lambs consuming 40% DDGS diets. There tended to be an interaction (P ≤ 0.09) of S level and DDGS treatment on DM, OM, and ADF digestibility that may have been caused by nonsignifi cant differences in intake. Nitrogen excretion and retention were not (P ≥ 0.19) affected by DDGS treatment or S supplementation; which was expected because N intake did not (P ≥ 0.35) differ across treatments.
Conclusions. Lambs that consumed diets > 0.6% S were at risk of developing PEM. Treating DDGS with 2% NaOH did not lower ruminal H 2 S concentrations, but tended to increase ADG and DMI. Increasing dietary S by 0.2% tended to reduce DMI and ADG, and resulted in lower (P = 0.05) fi nal BW. Contrary to our hypothesis, increasing dietary S did not affect H 2 S gas concentrations. Although treating DDGS with 2% NaOH was an effective way to neutralize the acidityin DDGS, this treatment reduced NDF digestibility. Further research is needed to identify strategies for improving rumen fi ber degradation and lower the risk of PEM when DDGSbased diets are fed.
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